One of the most important as well as interesting tasks of the scientist is to reproduce in his laboratoty on a small scale some of the grand phenomena of nature, and study the various underlying causes. In deed, the test of many a theory or hypothesis consists 'i'he ')'ube and M.ethod of l'l'oducing the Glow.
in its actual demonstration or application in a simple experiment, while conversely the investigator may see in his experimental researches some analogy to natural phenomena which enables an adequate explanation to be given. Such· has been the case in the study of the gas phosphorescence or afterglow produced in a vacu um tube by high-voltage alternating currents of elec tricity paSSing around it in a cylindrical coil, which has formed the subject of an investigation by C. C. Trowbridge of the Department of PhYSics of Columbia University. Mr. Trowbridge has found that such an afterglow resembles most closely the effect produced in the sky by the passage of meteors, to which the name meteor trains or streaks has been given by astronomers. Further study of. the records of the ap pearance of meteor trains in connection with this gas phosphorescence seems to establish the similarity of the two phenomena, and enables us to explain the nature and cause of these luminous clouds. The nature of the afterglow seen in the vacuum tupe best can be discussed after an examiIiation of the ap paratus as arranged by Mr. Trowbridge, and shown in the accompanying illustrations. A bulb of the shape indicated in Fig. 1 is connected with a Geissler mer curial air pump supplied with a McLeod gage, en abling a vacuum of any desired degree to be main tained and measured. The bulb after many experi ments was fi n any con structed in the form indicat ed, with a lower bulb B attached and Scientific American in the tube· is due to a condition of electrical stress produced in a' ring parallel to the outside coil of wire, through which the high-voltage alternating current is rapidly surging.
When this condition of electrical stress is above a certain value, and the gas within the tube is within the proper limits of pressure, a discharge takes place inside the tube, which varies in many essentials from the discharge of the ordinary vacuum tube with electrodes.
When the discharge ceases on cutting off the current, the gas in the bulb continues to glow, the luminescence gradually fading away according to the conditions of the experiment. In order to eliminate the effects of the phosphorescence of the glass, the stopcock is turned and the afterglow is allowed to diffuse into the lower bulb, on which the observer's attention is directed, his eyes being shielded from the upper bulb by the screens. The ex perimental work in brief was to determine the rela tion of the duration of the afterglow to the pressure of the gas in the bulb and the intensity of the elec trical field. It was found that the afterglow was pro duced when the pressure was between 2.4 millimeters and 0.002 millimeter, and that the maxima of dura· tion occur at low electrical densities. The longest afterglow occurs when there is a white discharge in the tube. At" extremely low tfilmperatures, -186 deg. Centigrade, produced by immersing the bulb in liquid air, it was found that while the afterglow was pro duced, the intensity and duration were somewhat di minished. N ow the nature of this afterglow is a diffi cult matter to determine. It is due probably to an unstable compound formed by the discharge, which breaks down and in so doing gives a radiation which is accompanied by ioni:r.al'ion.
Applying the results of this investigation to the study of persistent meteor trains, many points in com mon soon become apparent. These trains, familiar to observers of the heavens, consist of thin luminous smoke or gas left like a floating cloud in the track of a meteor and retaining its luminosity or glow for as long a period as 30 to 40 minutes.
Careful observations have been made and recorded, from which the height of the meteor trains seen at night can be stated at between 50 and 65 miles. They are undoubtedly electrical in origin, and reo suIt from the disturbance produced in the atmosphere by the passage of the meteors. These heavenly bodies in their rapid course naturally cause an extremely high temp�ra ture, and this is responsible for important changes in the nature and composition of the ' atmosphere, through which the meteors pass. In this way a condition Can be se cured where phosphorescence might occur; or as the atmosphere is extremely rarefied, ionization of the gas may follow, and the electrical discharges taking place under such conditions may produce the afterglow so similar to that in the vacuum tube jmlt descrlhed.
In by the observer. To produce a' current of high potential in the coil, 0, use is made of a powerful induction coil I (Fig. 2 ) whose primary is supplied with a 60-cycle alternating current. The sec ondary is connected across a spark gap S, and through two or more· Leyden jars LL with the coil surrounding the bulb already mentioned.
advanced by Mr. Trowbridge after a careful study of meteor train phenomena and other records, may be urged the fact that the atmospheric pressure at such an altitude would. be equivalent to that maintained in the bulb during the experiment, while the rate of diffusion of the glow observed in the meteor trains is of the saine order of magnitude as the afterglow URSA MAJOR * Whitish-Mist.
Sketch of a lUeteor Train.
following the electrodeless discharge.
Furthermore, in both cases there must be an absence of moisture, as dryness is an essential to production of the after glow in the vacuum tube, while moisture could hardlY occur at the altitudes of the meteor trains. Also the possibility of production of the afterglow at extremely low-temperatures, such as that of liquid air, and at the atmospheric heights mentioned, seems to indi cate' a further similarity of essential conditions. In addition there is a distinct point of likeness in the type of spectrum of the visible afterglow and the meteor whi 1 e trains, the phenomena at tending the fading of the p h 0 s p hores cence are markedly sim ilar, indicating that the me teor trains are tubular in form, with the greatest I u ro i nos i t y near the b 0 r de r.
Wh i Ie
Mr. Tro w b ridge does not con sider his ex periments yet absolutely con clusive, never theless the y seem to ex plain satisfac torily the long visible tion of dura the meteor train, while the sim ilarity of color in both cases also argues for the identity ot th e phenom ena in their essence and nature.
On the passage of the current there is .produced within the bulb a discharge, which causes the gas in the tube, in this case rarefied air, to glow and the glass itself to phosphoresce. This action with- such as zinc sulphide. This novel piece of apparatus consists of a track about ten feet in length formed by two brass rods under tension, on which runs an elec trically-controlled carriage. On this is mounted a stan dard incandescent lamp, which can be moved away from a screen placed close to a tube cOJ;ltaining the phosphorescent gas, and the carriage halted at a series of points along the bar as the phosphorescence fades. Seven readings that directly compare the luminosity of the gas with the standard lamp can be made within ten seconds, and these cover a variation of from one half to one-twenty-fifth the original intensity of the luminosity. The entire apparatus is operated and con trolled electrically by the observer, whose head is covered by the hood shown in the illustration.
Applying the law ·that t, he rate of decay of gas phos phorescence is the same as for phosphorescent solids to the decay of the light of a body of phosphorescent gas as great in size as a meteor train, the self-lumi nous meteor train can be explained on the assumption that it is gas phosphoresoo]!ce, although the train may be visible for thirty minutes. This same law will also explain the brightening of the sky around the radiant point at the time of meteor showers, known as "auro ral light." In this case, however, tne effect is due to combination of the feeble phosphorescing of many trains, giving rise to a pale glow in that part of the heavens through which the meteor shower takes place.
.... ,.
A SUBMARINE BOAT FOR SPONGE FISHING.
BY CAPT. JOURDAN, OF THE FRENCH NAVY.
Sponges are gathered in various parts of the world, but the principal fisheries are on the banks which surround the Kerkenah Islands, off the coast of Tunis, near Sfax. Divers provided with modern equipment have been employed to some extent within the last few years, but most of the work is still performed by nude divers who, weighted ' with large stones which they leave at the bottom, descend to considerable depths in search of the valua,ble zoophytes, to the great injury of their lungs and their general health, which is soon ruined by this laborious and dangerous occupation. The dress and apparatus of the profes sional diver offer obvious advantages, but their cost and complexity put them beyond the reach of most of the sponge fishers, who are very poor and ignorant.
A few years ago it occurred to Vicar-General Raoul of Carthage, who has taken great interest in thfs local industry, that the progress accomplished in the art of submarine navigation might possibly find a useful application in sponge fishing. He even con structed by primitive methods a sort of submarine boat which, imperfect though it was, worked well enough to confirm hi's faith in t�e idea. A local society, formed at his instigation ' for the study of the subject, decided upon the construction of a submarine vessel devised especially for sponge fishing. The plans for the boat were drawn by the director of the Segne dockyard near Toulon. The vessel is completed and has just successfully passed a series of pressure tests. The submarine boat of Abbe Raoul is very much smaller and simpler than its naval prototypes, its displacement being less than 9 tons a.nd its buoya.ncy about 1,300 pounds, with all its water tanks empty. It is 16 1h feet long and 5:1,4 'feet ,in diameter. and carries two men. Its general fOrm is that of a, cylin der with rounded ends. The only opening is a man hole at the top, which is surmounted by, a turret, hermetically closed by a cover that can be operated equally well from above or from be l ow. When the vessel is afloat, it is possible to walk on, the convex top with the a' id of steel handrails which, extend fore and aft on each side of the turret.
The vessel is caused to sink by opening three sea-cocks and thus filling as many water ballast tanks. Two of these tanks, placed amidships in the bilge, to port and star board, have a combined capacity of 154 gallons of sea water, the weight of whi�h balances most of the buoy ancy and brings the top of the ,boat nearly awash. These two tanks are to be kept filled, as a rul e , but they can be emptied by means of a hand pump. The third tank, which is placed between the other two, holds only 17 gallons.
The water flows in directly from the sea and is forced out by connecting the tank with two reservoirs which contain air at a pressure of 150 atmospheres. Small movements of ascent and descent can be mad' e and controlled readily by manipulatin� th� c�mpressed air valve. In case of accident a lead weight of 1;500 pounds, which forms the amidship section of the keel; can be instantly detached, causi, ng the lightened vessel to rise rapidly to the surface.
The boat is propelled by m ' eans of two steel oars, with feathering blades, simllar to those employed in Goubet's small submarine vessels. The oars pass through the hull in water-tight sphericai joints which give freedom of motion in 'every direction. Similar joints are used on the torpedo tubes of warships.
Attached to the forward fixed section of the keel is a wheel on which Abbe Raoul expects his unique vessel to travel over the level bottom of hard sand on which the sponges are found. By regulating the Scientific ADlerican supply of compressed air to the small ballast tanks the pressure of the wheel on the sea bottom can be made as small as is desired, and there is no apparent reason why the vessel should not be propelled .over the bottom by the oars -for it has no other motor. The purpose of this device is to evade the necessity of rising from the sea bottom, and consequently drawing on the supply of compressed air in moving from place to place in search of sponges. Raoul's first boat had a similar wheel, which worked very well.
The sponge fishing apparatus consists of a movable arm which projects from the lower part of the curved bow, through a water-tight spherical joint, and carries cutting pincers at its extremity. By means of this device, operated by a man inside the hull, the sponge is cut loose and deposited in a large iron basket sus pended from the end of a fixed tubular arm of sheet iron, which occupies nearly the place of the bowsprit of a ship. To the middle of this fixed arm are at tached electric lamps and a reflector for the purpose of illuminating the sea bottom, which can be observed' through a bull's eye in the bow Df the boat. These lamps, as well as those which light the interior of the vessel, are supplied with current by, a small bat tery of accumulator,a. 'A ball of lead, attached to a steel wire, can be raised and lowered by means of a windlass inside the tubular arm, and thus serves the purpose of an anchor. The windlass is operated by gearing terminating in a shaft which passes through a stuffing box into the, interior of the boat and which bears a crank handle at its inner end. Provision is also made for telephonic communication between the submerged boat and a floating vessel.
This sponge fishing marine boat appears to be a practical and useful vessel, embody ' ing a principle that may well find other applications.-Translated from La Nature for the SCIENTIFIC AMERICAN.
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CHEAP HYDROGEN.
The inflation of ordinary spherical balloons with hydrogen has hitherto been made impracticable by tfroROCCN APE
LANE'S HYDROGEN APPARATUS.
the high price of that gas, which is n.. ever less than 1 franc per cubic rn.. eter. (about 55 cents per hundred cubic feet). Any method of producing hydrogen at a cost little if any higher than that of coal gas would be very welcome , to aer.onauts, for the lifting power of hydrogen is 1.,lOc!lor f, 200 gramnies per cubic meter (69 to 75 pounds per t!:lOusal1d cubic feet). Mr. How ard Lane hasdevisedJ'uch a' method, of which a brief description is here given. "
Hydrogen is evolved in the decomposiEon of water by iron in presence of sulpliuric �cid, i';1 the ' decompo sition of, steam by iron or carbon at hi i h tem�ratures, and by ·the electrolysis of water, which furnishes chemically pure hydrogen, but at a cost of ab o ut ,'2 francs per cubic meter ($1.1() per hundred cubic feet). Lane's process is based on, the decomposition of steam by iron at a red heat and produces nearly pure hydrogen at a cost of 1 franc per 10 cubic meters (51h cents, per hqndred cubic feet). The merits of ' the process have been practic",Uy demonstrated. The Russian government has ordered two 'sets of appalt' atlis, each capable' of 'furn, ishing '20'0 ' cubic meters (about 7,000 cubic feet) per hour. The 'British govern ment has, installed a similar apparatus at the aero static park at South Farnborough. The officers who have conducted prolonged tests of this apparatus are unanimous in asserting that the quality of the gas produced is equal to that of electrolytic hydrogen, the impurities amounting to only 3 per cent.
The Prussian aeronautic battalion has also asked the war department for a Lane apparatus capable of futnishing 200 cubic meters per hour.
Lane's apparatus comprises a furnace containing three rows of, retorts, a sma.ll steam boiler and two gas generators, one of the Wilson, the other of the "high-grade" type. The high-grap,e generator produces MAY 9, 1908. from soft coal and other ordinary fuel a gas which contains from 40 to 48 per cent of hydrogen and evolves much heat in combustion. The Wilson gen erator produces from coal, coke, wood or other fuel an inferior gas which is used in heating the retorts and is sent to them directly, while still hot. The re torts contain fragments of iron.
The operation of the apparatus is as follows: The retorts having been heated to redness by combustion of the Wilson gas, steam is admitted to the retorts of one row, where it is decomposed, with evolution of hydrogen, until the iron has become completely oxi dized to magnetic oxide. The current of steam is then turned into the second row of retorts and gas from the high-grade generator is admitted to the first row. This gas, consisting chiefly of hydrogen and carbon monoxide, reacts with the heated magnetic oxide' of iron in the retorts, producing metallic iron, water vapor, and carbon dioxiae. The solid contents of the retort are therefore restored to their original condition and can be used to decompose more steam and _ liberate more hydrogen. These two operations are carried on alternately in each of the rows of re torts, in rotation, for an indefinite time during which there Is a continuous evolution of hydrogen.
The In the cycle of operations, therefore, 4 pounds of hydrogen, in the cheap form of producer gas, are con sumed, and , 8 pound s of hydrogen are delivered in a practically pure condition, as appears from the first equation.
The hydrogen, however, contains small quantities of incidental impurities. It is, therefore, put' through a washer and a second purifying apparatus before being used for inflation.
The purified gas contains 97. 2 per cent hydrogen, 1.8 per cent formene or marsh gas (CH.) and 1 per cent nitrogen.
The cost of the gas may be computed from the fol lowing data of experience: 30 kilogrammes of coal, worth in England 12 francs per' metric ton, are re quired to produce 10 cubic meters of hydrogen. An apparatus of the capacity of 200 cubic meters per hour can be operated by 4 men at a maximum wage of 1 franc each per h.Pur. Interest, depreciation, repairs, etc. , amount to 0. 30 franc per 10 cubic meters. Hence for the cost of 10 cubic meters of hydrogen we have: A new method of preventing scale in boilers has been invented by' F" Brunn" a Russian engineer; it consists in adding .a small quantity of linseed to the boUer water. ;The apparatus, as described in Tech nitche�kY Wyestnik, c0itsists of a copper tank divided into two parts. by a fine-meshed horizontal sieve. In the upper .part is ,put' a ,quantity of 'linseed, and this part is, CQnliected' wIth the hot-water supply. The resulting , decoction filters through the close-meshed .double copper sieye to the lower· part, from where it is fed to ,the b,oiler through the injector.
The SliOl� substance of the solution attacks every particle of the forI)1ing scale, which does not adhere to tne waU!£o.f t , he boilers, and is readily ejected when the boiler is blown out. Even should this mass settle upon the walls, It forms a porous, spongy substance, easily ·cleaned off. Experiments made at a number of government and other power plants in Russia have all given satisfactory results: New boilers were l\:ept free from scale, and old boilers were gradually cleansed_
The necessary ,quantity of linseed is about half a pound for every 100 horse-power. Taking 30 pounds of steam as equivalent to one horse-PQwer, the quan tity works out at about half a pound of linseed for every 270 gallons of feed water.
The apparatus being merely a divided copper tank with connections to the boiler, has the advantage of great simplicity of construction. It seldom needs any more repairs other than an ocCasional cleaning of the sieves, and the expenses of running it are very smaIl.
